Abstract-Fifteen
100 V/10 V were mandatory. Measurements of other ratios were optional. The standard conditions for temperature and humidity were:
and . Corrections for deviations from these conditions were to be applied by the pilot laboratory.
The comparison started in October 1998, with IEN as the pilot, but in November, while at the second participant, the travelling standard had a failure, which forced the replacement of its base 10-V section [2] . After repair, the circulation was re-started at the end of February 1999 and was finished in June 2001, with fourteen NMIs having participated, in addition to the pilot. In the following, the processing of the comparison data and the results are presented for the mandatory measurements. More detailed information and the results for the optional measurements can be found in the comparison final report [3] .
II. BEHAVIOR OF THE TRAVELLING STANDARD
Calibrations of the divider at IEN were carried out by measuring the individual resistive sections: each section of the 10 100 V or of the 10 10 V resistive chains was successively compared with a transfer resistor by means of a Kelvin double bridge with lead compensation. Fig. 1 shows the IEN measurements of the basic ratios 1000 V/100 V and 100 V/10 V after repair of the divider, corrected for deviation from standard ambient conditions.
After day 135, the data show a change of drift, for which two different interpretations are proposed: i) a specific and unknown event causing the change ii) a gradual stabilization of the divider after repair, which would support an exponential behavior. In Fig. 1 , linear and exponential interpolations are compared, showing a significant difference for the 1000 V/100 V ratio, where linear interpolation is to be preferred.
During the preliminary characterization work [1] , temperature and humidity coefficients, and , were evaluated by multiple linear regression of the measurements taken at IEN under different ambient conditions. After repair, this work had to be repeated, using the control measurements carried out at IEN during the comparison. The coefficients of the mandatory ratios, before and after the change of drift, are given in Table I , where the values "before" correspond to ten measurements and the values "after" correspond to 26 measurements. Table I also reports the standard deviation of the multiple linear regression; the values of will be taken to be the standard uncertainty to be associated with the travelling standard. laboratories; only one laboratory carried out its measurements before the change.
In order to have comparable data, it had been established by the comparison protocol that the voltage had to be applied to the divider for at least 5 or 10 min (for ratios 100 V/10 V and 1000 V/10 V, respectively) before taking the measurements, in order for the device to stabilize. But, with the measurement technique used at IEN, only one section of the divider at a time is powered during the measurements, while with other methods, all the divider sections are powered. To verify if any effect due to the dissipated power could occur, a direct comparison between a Fluke 752 divider and the Datron divider was performed. Before starting the measurements, the Fluke was powered for at least 12 h, while the Datron was left unpowered. Then, the Datron was connected in parallel to the voltage supply and the output of a detector, monitoring the voltage difference of the two dividers at the 10-V taps, was recorded for at least 2 h. The resulting drift was less than two parts in 10 of the voltage on the 10-V taps.
III. LABORATORY MEASUREMENTS
The laboratory results were given as relative deviations of the divider's ratios (input/output) from nominal. To obtain normalized data, the following steps were taken: 1) correction of the original result for temperature and humidity, to obtain the corrected result ; 2) calculation of the difference between the corrected laboratory result and the corresponding interpolated pilot laboratory result; 3) addition, to the laboratory standard uncertainties (type A) and (type B), of a contribution due both to the correction in step 1) and to the uncertainty of the values of temperature and humidity; 4) addition of the uncertainty contribution due to the travelling standard. Tables II and III report the laboratory ambient conditions, the original results , the corrected and the normalized results and , the various uncertainty contributions, and the global standard uncertainty . In these tables, are the degrees of freedom as given by the laboratories (for LCIE, in the absence of information, an infinite number was assumed) and are the [3] .
IV. COMPARISON RESULTS
To the results of Tables II and III , the results of the pilot laboratory must be added, to obtain the complete sets of data from which the two Key Comparison Reference Values (KCRV) can be calculated. Of course, for IEN, the normalized results are . The IEN average ambient conditions during the whole comparison are given in Table IV and the uncertainty  contributions in Table V . In this table, the contribution of the travelling standard, evaluated from the measurements after the change of drift, is reduced by the square root of 26, which is the number of these measurements.
In principle, all laboratories should contribute to the KCRV, because laboratory measurements of voltage ratios are mutually independent. However, Tables II and III suggest that some of the participants' differences are not compatible with the corresponding global uncertainties . This observation can be put in more quantitative terms by the calculation of the so called Birge ratio , given by
Here, the weighted variance in the numerator is calculated from the laboratory results, whose weighted mean is , while the weighted variance in the denominator is calculated from the laboratory global uncertainties. If all laboratory uncertainties were assessed correctly, would be close to one. Instead, even excluding NPL, for which is large, it is found that for ratio 1000 V/10 V and for ratio 100 V/10 V . Under these circumstances, the KCRV is more safely estimated by the arithmetic mean, and not by the weighted mean. The associated standard uncertainty will be the standard deviation of the mean. To improve the accuracy of the estimation, those laboratories which, with high probability, are not members of the same statistical distribution, as the other laboratories TABLE IV  AVERAGE TEMPERATURE AND HUMIDITY AT IEN   TABLE V  UNCERTAINTY CONTRIBUTIONS OF IEN were not included in the calculation. These laboratories were selected by using the median as a robust estimator of the [4], the normalization coefficient 1.4826 is the inverse of the 75th percentile of a Gaussian distribution so that gives the correct estimate of the standard deviation of the differences , in the case of a Gaussian distribution. The criterion to select the participants not belonging to the distribution was (3) It is to be noted that the MAD criterion is based on the laboratory values and does not take into account the associated uncertainties, so that laboratories far from the median, but still compatible due to a large uncertainty, would also be discarded. By applying criterion (3) to the values, after exclusion of NPL, it was found that also CEM and NPLI have to be excluded from the calculation of the KCRV for ratio 1000 V/10 V. For ratio 100 V/10 V, NPLI also has to be excluded. After selection, the arithmetic mean was chosen because the selection process, even if it decreases , does not bring it much closer to one, due to the underestimated uncertainties of some of the remaining laboratories.
Figs. 2 and 3 show graphically the KCRV and the results of the participants, with corresponding expanded uncertainties and , evaluated for a confidence level of 95%. In the calculation of and , the degrees of freedom were taken into account.
V. CONCLUSION
In spite of a failure and a change of drift of the travelling standard, comparison CCEM-K8 was completed successfully.
The results of NPL are quite far from the KCRV. After receiving the Draft A report, NPL made an investigation on the reason of the discrepancy and reported that it had been traced to the calibration of the NPL reference divider used for the comparison.
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